In their Perspectives (Problems with extracel lular recording of electrical activity in gastro intestinal muscle. Nat. Rev. Gastroenterol. Hepatol. 13, 731-741; 2016), Sanders et al. 1 expand on previous claims that the gastro intestinal extracellular literature, together with related electrophysiology models, could be unreliable owing to contamination with movement artefacts. The essence of their claims seems to be that extracellular methods might not provide physiologically meaningful or mechanistically useful information. We feel that the authors are incorrect and mis present our work and other competing evidence. Similar previous claims have already been evaluated and disputed in previous research from our laboratory [2] [3] [4] , and the reported concerns with extracellular recordings might have arisen simply owing to an incorrect application of extracellular techniques and misunderstanding of basic extracellular prin ciples. Here, we clarify correct approaches to extracellular recordings.
Sanders et al. 1 performed their extracellu lar recordings in vitro on devitalised tissues; however, they have published that their tissue isolation process aberrantly elevates slowwave frequencies, causing loss of intrinsic frequency gradients 5, 6 . Intrinsic frequency gradients are critical for slowwave entrainment and gener ation of extracellular field potentials 2, 4 , and extracellular data cannot be recorded in their absence 7 . In accordance with known biophysical prin ciples, suction extracellular recordings give a monophasic potential approximating the transmembrane potential, whereas contact electrodes give a biphasic potential 2 . This biphasic potential coincides with the activ ation phase of the monophasic potential (FIG. 1) ; it is upgoing before arrival of the wave front, steeply negative when the wavefront is under the electrode, then returns to baseline. This biphasic potential configuration has been repeatedly shown over the past century to pre cede contractions, and, therefore, cannot be a contraction artefact 4 . This signal of interest is not present in extracellular data currently offered by Sanders and colleagues 1, 8 and must be present in the raw signal traces, with min imal filtering used only to aid interpretation 3 (FIG. 2a,b) . The 3-100 Hz bandpass filter that Sanders et al. 1 advocate would grossly distort true slowwave data because it eliminates almost all signal content 3 (FIG. 2c) 4 . Indeed, extra cellular biophysics offers falsifiable hypoth eses for the validity of extracellular recordings reflected in this 'variability' , for example by predicting a positive linear correlation between velo city and extracellular amplitude due to rate of current entering the extra cellular space 9 . We have confirmed this pre diction experimentally, prov iding yet another validation for extracellular techniques We conclusively demonstrated that extra cellular slow waves are readily recordable in vivo even during complete motion sup pression by intraarterial nifedipine admin istration 2 . In this Perspectives, the authors 1 misrepresented our methodology, incorrectly claiming we only assessed longitudinal tissue motion, undermining our validation study 2 . However, our intestinal segments were not arranged in straight lines; we captured curved intestinal segments within each measured field, recording motion to singlepixel (sub millimetre) resolution. There was no motion. The correct interpretation is that extra cellular recordings are valid when performed and analysed correctly, and routine motion suppression is not required in vivo.
We disagree with the conclusions made by Sanders et al. 1 in their Perspectives. The 'problems' they describe are easily overcome if correct extracellular techniques are used, and routine motion suppression is unneces sary in vivo. Indeed, the role of extracellular methods is currently expanding, as high resolution electrical mapping is now contrib uting to substantial translational advances in human motility disorders
